Many various methods were applied to determine dopamine and ascorbic acid simultaneously using hazardous materials and complex procedures. Derivative absorption spectra can give safely and five sensitive derivative equations that are used for the simultaneous determination of dopamine and ascorbic acid in the UV region, using first and second derivative spectroscopy with high precision at pH value of 9.2. Dopamine and ascorbic acid can be detected in the ranges of 0.375-9.45 mg L −1 and 0.352-5.28 mg L −1 , respectively. These obtained methods could be used to determine both reagents in real and synthesized samples.
Introduction
Dopamine (DA) is a neurotransmitter, which plays a key role in research on the pathology of Parkinson's disease (PD) [1] . The development of dopamine determination methods has attracted scientists' attention for years and extensive work has been carried out on it. For the proper treatment of PD patients, biomedical analysis requires reliable and efficient tools for analytical implementations. Many researchable groups focused on the problems of recognition and selective determination of catechol amines, especially dopamine, with optical detection methods. As physiological level of dopamine is as low as 0.2-0.30 mol L −1 , analytical methods should be very sensitive whereas in pharmaceutical preparations dopamine concentration is in several orders of magnitude higher (ca. 40 g L −1 ), so less sensitive spectrophotometric methods could be applied.
For the dopamine injections, the United States Pharmacopoeia (USP) recommends high-performance liquid chromatographic separation followed by spectrophotometric detection at 280 nm [2] . This procedure requires a specific column for analytical separation and sample pretreatment procedures, such as degassing and filtration, leading to a tedious procedure for routine analyses. Other analytical techniques for dopamine determination in pharmaceutical preparations referred to in the literature also require time consuming and tedious pretreatment of samples, the most frequent being spectral methods such as ultraviolet-visible absorption [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , fluorescence [15] [16] [17] [18] [19] [20] [21] , and chemiluminescence [22] . Electroanalytical methods, namely, voltammetry [23] [24] [25] [26] , amperometry [27] , and polarography [28, 29] , were also described in the literature. Recently, great efforts were done in this direction with a lot of long, expensive, and sophisticated procedures using, for example, monolayer of triazole on gold electrodes [30] , using gold nanoparticles [31] [32] [33] , using modified glassy carbon electrode [34, 35] , using silver nanoparticles [36] , and using even a highly toxic substances such as mercury [16] . Similarly, ascorbic acid (AA) is a vital vitamin in the diet of human. AA has been used for the prevention and treatment of common cold and mental illness, infertility, cancer, and AIDS. In mammalian tissue, AA is present along with several neurotransmitters including DA, while, in biological samples, DA often occurs with AA in relatively high concentrations [37] .
AA is oxidized at similar potential of DA at conventional electrode and has much larger signals in the brain than DA [38] . As DA and AA are electroactive substances, electrochemical methods are of the most favourable techniques for the determination of both compounds [39, 40] . However, one of the major problems encountered in the electrochemical determination of DA is the intervention of AA, which has similar structure and oxidation potential close to those of DA at most solid electrodes, resulting in a great difficulty of their simultaneous determination due to overlapped signals. Moreover, the bare solid electrodes often suffer from the fouling effect due to the accumulation of oxidized products on the electrode surface, leading to the rather poor selectivity and sensitivity [40] .
Derivative spectrophotometry is an analytical technique of great utility for extracting both qualitative and quantitative information from spectra composed of unresolved bands [41] [42] [43] . The derivative method has found applications not only on the ultraviolet-visible region spectrophotometry, but also in infrared, atomic absorption, flame emission spectrophotometry, and also in fluorimetry [44] [45] [46] [47] . Derivative spectrophotometry has been shown to be more versatile than classical spectrophotometry for solving analytical problems. It leads not only to an increase in selectivity, but also, in many cases, to an increase in sensitivity [48] [49] [50] . The scale of this increase depends on the shape of the normal absorption spectra of the analyte and the interfering substances, as well as on instrumental parameters technique (e.g., peak-to-trough on zero crossing) chosen by the analyst in a given analytical procedure [51] [52] [53] .
For a single peak spectrum, the first derivative is a plot of the gradient / of the absorption envelope versus wavelength and features a maximum and a minimum, the vertical distance between these is the amplitude, which is proportional to the analyte concentration theoretically, and / is zero at max for the band in the normal spectrum. The second derivative spectrum, 2 / 2 versus , has two maximum with a minimum between them at the max location in the normal absorption band. In this work, we could overcome all of the above shown disadvantages by using first and second derivative equations, which are not reported before in the literature survey to detect both of DA and AA by ultraviolet-visible absorption technique, as it is considered one of the most cheapest techniques with high sensitivity and easiest operation. Also, with this method, we have not used expensive chemicals or columns, or hazardous solvents which could be harmful to the environment. The obtained data are highly precise with highly speed acquisition.
Experimental
2.1. Instruments. Absorption measurements were made on a Thermo Evolution 300 recording spectrophotometer using 10 mm matched quartz cells and slit width 2 nm. The pHmeter (HANNA HI 223) equipped with a radiometer combined glass electrode was used for pH measurements. The pH values in water-ethanol medium were corrected as described elsewhere [41] .
Chemicals.
All chemicals were of analytical reagent grade and distilled water was used for preparation of solutions. strength of solutions was maintained at a constant value by using universal buffer. All measurements were made at 25 ∘ C.
Standard Procedure.
Aliquots of standard solutions of DA or AA were transferred into a 10-mL calibrated flask, 2.5 mL of universal buffer was added to reach pH 9.2, and the mixture was allowed to stand for 5 min at room temperature. The contents were then diluted to the mark and mixed well.
The derivative absorbance at 1 and 2 max. was measured against water blank.
Results and Discussion

Effect of pH on Dopamine and Ascorbic
Acid. By using the universal buffer (pH; 5.5-11.5), one could see an increase in absorbance of DA to reach its maximum at pH 9.2. In contrary, there is a decrease in the absorbance of AA with increasing the pH of the solution, so the pH 9.2 was selected for working condition as our main target was DA (see Figures  2 and 3 ). Although that DA has some absorbance in the visible region with increasing the pH, this absorbance is very weak in comparison with the absorbance in the UV range, which is ten times higher in intensity than that in visible region that can provide higher sensitivity for the detection of DA in the UV region rather than the visible region. Figure 4 shows the absorption spectra of DA and AA in distilled water and it is observed that the spectra of these two compounds are completely overlapped and each compound interferes in the spectrophotometric determination of other one.
Preliminary Studies.
Optimum Instrumental Conditions.
The main instrumental parameters that affect the shape of the derivative spectra are wavelength scanning speed and the wavelength increment over which the derivative is obtained (Δ ). These parameters need to be optimized to give a well-resolved large peak, that is, to give good selectivity and large sensitivity in the determination process. Generally, the noise level decreases with an increase in Δ , thus decreasing the fluctuations in the derivative spectrum. However, if the value of Δ is too large, the spectral resolution is very poor. Therefore, the optimum value of determined Δ was taken into account with the noise level, the resolution of the spectrum, and the sample concentration. Some values of Δ were tested and 2.0 was selected as the optimum. After careful study of lower and higher speeds the speed (1200 nm/min) was selected. Figure 5 , the obtained data show the first derivative absorption spectra of 1 × 10 −5 mol L −1 of DA and AA at pH 9.2 after 5 min. As Figure 4 shows large overlap of the spectral bands of the drugs between wavelengths 200.0-320.0 nm, this prevents the simultaneous determination of these two compounds in the mixture from their zero-order spectra. However, the first derivative spectra allow the simultaneous determination of them. In DA for example, it has zero crossing points at wavelengths 258.8 and 286 nm, where AA can be determined and DA can be determined at 265 nm. Figure 5 shows the first derivative spectra of DA with a wide range of concentration from 2 to 50 M (see Figure 6 ), while this range is from 2 to 30 M in AA as shown in Figure 7 . Figures 8 and 9 show the second derivative absorption spectra of DA and AA at pH 9.2 after 5 min with a range of concentrations 2-50 M and 2-2.4 M, respectively. different wavelengths for DA and AA. Table 1 shows the statistical analysis of the experimental data for both analytes. The regression equation was calculated from the calibration graph, along with standard deviations of the slope and the intercept of the ordinate; the high value of the correlation coefficient indicates the good linearity of the calibration graph, and we check the better derivative equation by analysis of known mixture between DA and AA. In Table 1 , 1 of DA and AA are measured at 265 nm and 259 and 287 nm, respectively, while the 2 of DA and AA are measured at 251 and 281 nm and 275 and 297 nm, respectively. The precision was ascertained by carrying out four replicate determinations of synthetic mixtures of DA and AA. The relative standard deviations for four replicate determinations of a mixture containing 2 × 10 −5 mol L −1 of DA and AA indicate reasonable repeatability of the proposed method; these results are given in Table 1 . The accuracy was tested by the determination of mixture containing different concentrations of DA and AA. The recovery values were calculated for DA and AA and depending on these values the best equations were selected for measuring synthetic mixtures of DA and AA; these results are given in Table 2 .
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Interferences. Some common interferences such as lactose (700 times), starch (250 times), glucose (950 times), sucrose (700 times), and fructose (950 times), which are usually present in preparation of tablets and capsules, show no influence on the determination of DA and AA by proposed method at low levels.
Application.
Although most of the previous works were done to determine both analytes without informing about specific drug that contains the two analytes, we have tried here in this paper as was reported before in [30] [31] [32] [33] [34] [35] [36] [37] [38] to apply our method to drugs with adding the other analyte and in addition determine these analytes in the human urine. These methods are successful to determine both reagents with good standard deviations in real samples (human urine), which was treated like in [54] , and in synthetic mixtures using the usual procedure as is described above. The proposed method has been successfully applied to the determination of DA and AA in synthetic mixtures containing different ratios of both drugs and in some pharmaceutical samples (DA injection and AA tablet) with the main interfering substances to AA and DA. The results are given in Table 2 using the best wavelengths for determining both analytes from Table 1 . In Table 2 , one can observe that there is no significant difference between the results obtained by the proposed method and the reported values.
Conclusions
Although derivative methods are quite old but no one before to our best of knowledge has used it to determine these two reagents. The proposed methods are simple (no need for solvent extraction or chemical reaction), rapid (as it only requires measurements of 1 and 2 values at different wavelengths), direct (as it estimates each drug independently of the other), and friendly to the environment (no need to use neither synthesized materials nor nanoparticles which do not have specific precaution to the environment). This paper demonstrates the potential of first and second derivative spectrophotometry methods as analytical techniques and their usefulness to obtain accurate, rapid, simple, and simultaneous quantization of DA and AA in pharmaceutical preparation and urine samples. In comparison with previous techniques, this method may be considered as a green tool for determination DA and AA in aqueous medium. It can also be seen from Table 2 that the second derivative in general is more favorable than the first derivative for the simultaneous determination of dopamine and ascorbic acid.
